Deficient birth outcomes entail greater mortality risks, and higher probabilities of poor future health. This study is the first statistical examination of the effect of the World Health Organization's recommended number of prenatal care visits for developing countries on birth outcomes. This study accounts for the endogenous nature of prenatal care decisions by using an instrumental variables approach based on the accessibility of prenatal services. Using the CLHN Survey I construct a measure of prenatal care which involves both timing and intensity and that shows positive impacts for the combination of both. The results are highly robust to changes in measures of birth outcome but are only significant for urban areas. The lack of impact on rural areas could be due to the inferior quality of prenatal care services received there. This theory is corroborated when controlling directly for care quality.
I. Introduction
Over 20 million children worldwide are born with low birth weight (less than 2500 grams at birth). This represents 16% of all new born babies, of which 96% are born in developing countries. The percent of low birth weight deliveries in developing countries (17%) is more than double that in developed countries (7%) 1 . Low birth weight babies face greater mortality risk (Bahn et. al. 1985; Morris et. al. 1998) and are more likely to be neglected by caregivers (Zeskind & Ramey 1978; Zeskind & Lester 1981) . The survivors have higher probabilities of retarded motor development, neurological impairment and chronic illness (Adair 1989 (Adair , 1997 Barker 1995 Barker , 2007 Barker et. al. 1989; De Boo et. al 2006) and lower IQ, worse labor force and educational outcomes, and even pregnancy complications (Black et. al. 2007 , Oreopoulos et. al. 2008 , Royer 2009 ). Poor birth outcomes can therefore impose high health care costs on societies (Almond et al. 2005) and hinder a country's economic development due to the potential loss of human capital (Currie et. al. 1999; Glewwe et. al., 1995 Glewwe et. al., , 2001 Maluccio et. al. 2006; Walker 2005) . Accordingly, one of the major goals in the Declaration of the Plan of Action adopted by the United Nations General Assembly Special Session on Children in 2002 is the reduction of low birth weight incidence by a third between 2000 and 2010.
Prenatal care is one of the most popular public health interventions aimed at improving birth outcomes. It has been extensively studied in industrialized countries (e.g. Warner 1995; Liu 1998; Rous et. al.; Smith Conway et. al. 2004; Lin 2004; Krueger and Scholl 2000) . Nevertheless, there is no consensus about its impact on birth outcomes. Studies for developing countries have been scarce because of the lack of reliable data on birth outcomes,
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II. Determinants of Birth Weight
In the early stages of pregnancy growth is determined by the fetal genome. After the initial phase of embryonic development has taken place fetal growth will be restricted by maternal and environmental factors. Any factors that prevent normal circulation across the placenta or deprive the fetus of the necessary nutrients and level of oxygen will cause growth restrictions. Specifically, birth weight will depend on (i) fetal factors such as congenital anomalies and genetic features; (ii) maternal factors such as nutrition, chronic illnesses, infection, substance abuse, smoking and maternal fitness and size; and (iii) factors involving the placenta and uterus such as detachment. In developing countries higher levels of malnutrition before and during pregnancy, acute and chronic maternal infections, and poor maternal health are the primary causes of low birth weight (Moreira 2002) . 2 Intrauterine growth restriction leads not only to low birth weight but also to poor organ development and babies which are small for their gestational age (SGA). These babies are below the 10th percentile on the intrauterine growth chart 3 for a specific sex and gestational age. They will face higher mortality risks and could be found on a pathological state. The birth outcome variable I will focus on is birth weight, which could be caused by prematurity, not intrauterine growth restriction. However, as I will show later, I obtain similar conclusions when I examine the effect of prenatal care on the probability of being small for gestational age or of having a low birth weight (weighing less than 2500 grams at birth).
Prenatal care (defined as the medical attention received from the time of conception up to, but not including, labor and delivery) could positively influence birth outcomes through three main channels: 1) behavioral (elimination of harmful habits such as smoking); 2) nutritional (improvement of mother's nutritional intake); and 3) medical (reduction of morbidity risks) (Alexander and Korenbrot 1995) . Prenatal care's goal according to Cynthia Berg's 1995 Report on Prenatal Care in Developing Countries consists of four basic components: (i) early detection of pregnant women at risk of any potential complications; (ii) action in order to prevent any future difficulties; (iii) diagnosis and treatment of preexisting medical conditions and (iv) prompt referral to the appropriate specialist when complications develop during pregnancy.
Basic prenatal care ensures adequate nutrition and vitamin intake, proper vaccination, exercise, negative behavioral modification and, when necessary, bed rest. Vitamins and minerals help repair and maintain cells and tissues. For example, iron tablets help prevent iron deficiency anemia which could make pregnant women feel weak, tired and dizzy. This 5 deficiency could lead to increased risk of preterm delivery and infant low birth weight 4 . Iodine capsules are given to prevent cognitive damage from insufficient maternal thyroid hormone (Lamberg 1991) . Receiving at least 400 micrograms of folic acid every day helps prevent many types of neural tube defects. Tetanus toxoid injections are given during pregnancy in order to prevent neonatal tetanus, a frequent cause of infant deaths in developing countries. This infection is acquired due to limited or absent clean delivery services (when sterile procedures are not observed in cutting the umbilical cord). According to the WHO once the disease is contracted the fatality rate can be as high as 100% without hospital care and between 10 to 60% with hospital care.
Prenatal care can detect serious conditions than can affect both the mother's and the baby's health. These include gestational diabetes, preeclampsia (also called toxemia of pregnancy) and Rh incompatibility. According to the American College of Obstetricians and Gynecologists (ACOG) women with uncomplicated pregnancies should visit their prenatal care provider every 4 weeks until the 28th week of pregnancy, then every 2 weeks until 36 weeks and then once a week until delivery.
The ACOG standard is not viable in a developing country context. A more realistic set of recommendations has been developed by the WHO in the recent past (Berg 1995) . In 1995, the World Health Organization Technical Working Group on Antenatal Care established four as the minimum number of prenatal care visits for women without identified problems. These visits should be provided by skilled health personnel and completed at specified times during the pregnancy: one at 16 weeks, one at 24-28 weeks, one at 32 weeks and one at 36-38 weeks. During those visits physical examinations are performed. They should consist of the following procedures: collection of maternal medical history, anthropometric measurements, assessment of fetal heart sounds, a blood pressure check up, a pelvic exam, and blood and urine tests. Finally, a delivery plan should be formed especially if the birth is going to be a breech or transverse. The impact of prenatal care will then depend not just on the mere occurrence of a visit but on the quantity and quality of the procedures performed. This premise is supported by the historic trend of prenatal care and birth weights for the Philippines. The percentage of women aged 15-49 years examined at least once by a skilled health provider during pregnancy has been quite high and constant in recent years. In 1993, this number border 83%, rising to 86% in 1998, staying at that level during 2000 and increasing again in 2003 to 88% 5 . In contrast, the proportion of women who attended at least four antenatal visits provided by skilled health personnel has been decreasing during this period 6 . During the nineties adequate antenatal care coverage, as defined by the WHO, bordered on 77%. This percentage decline to 70% between 1999 and 2000 and for the year 2006 dropped to 59.5% 7 . The opposite trend has been experienced by birth weight in this time period. In 1993, 17.9% of infants were born with a low birth weight 8 . By the year 1998 this percentage was slightly reduced to 17.2% 9 . Yet between 1999 and 2006 this figure reached 20% 10 . While the level of standard prenatal care (defined as at least one visit to a care provider) has actually been increasing, both adequate prenatal care and adequate levels of birth weight have declined. This could indicate that birth weight can only be improved by providing women with an adequate level of care and not just by simply going once to a care provider during pregnancy.
The reasons women seek prenatal care are not always easy to observe and much less to measure, e.g. the health endowment of the mother and baby, chronic conditions, maternal moral values, childhood experiences, ability and personal motivation. These characteristics could be simultaneously determining the child's birth outcome (Rosenzweig et. al. 1982 (Rosenzweig et. al. , 1983 Joyce 1994) . Three different selection processes can bias the observed relationship between prenatal care use and birth outcome 11 .
Favorable selection will occur if the women who exhibit all kinds of positive health behaviors (and are therefore at lower risk for a low birth weight) are also more likely to initiate prenatal care early and to maintain a regular schedule of visits. These health-conscious women will probably influence the impact of their prenatal care visits by selecting high quality providers and firmly adhering to their advice. Consequently, positive birth outcomes will be a function not only of prenatal care adequacy but in addition of these health-promoting behaviors and attitudes. This could potentially lead to a positive bias on estimates of prenatal care adequacy (Frick and Lantz 1996; Alexander and Korenbrot 1995) .
Adverse selection will occur if women who are aware of their own poor health endowments (and have a higher probability of a negative birth outcome) are the more intensive users of prenatal care services. These women realize that their own negative health behaviors or their chronic health conditions will lead to a less healthy child and therefore seek prenatal care earlier and more frequently. This kind of selection will lead to underestimates of the impact of prenatal care on birth outcome. This selection process has been the most discussed in the literature (Frick and Lantz 1996; Grossman and Joyce 1990; Harris 1982) .
The final selection mechanism, confidence selection, occurs when women who experience uneventful pregnancies consider themselves to be at a very low risk of having a poor birth outcome. These women may delay care and only have sporadic checkups. Nevertheless, they will probably experience positive birth outcomes. This type of selection will have the same effect as adverse selection since it will also bias the estimates of prenatal care services downwards (Frick and Lantz 1996) .
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III. Modeling and Estimation
The Theoretical Model
I focus on the effect of prenatal care practices on birth outcomes using a microeconomic approach. I base my analysis on the framework provided by Rosenzweig and Schultz 1982. I consider the level of utilization of prenatal care to be a choice that results from the household's efforts to maximize its utility, which is based in part on its child's birth outcome. The parents are assumed to choose leisure L, and consumption C of goods and services, in order to maximize their utility. C is desired for its own sake and has no impact on the child's birth outcome. Birth outcome is determined by health inputs, which do not provide any direct utility to the household. The H th household preferences are represented by the following additive utility function:
where Bt c is the child's birth outcome, Ct is parents' personal consumption and Lt is parent's leisure time. The child's birth outcome has the following production function:
Birth outcome is a result of the prenatal care choice (Pt), the time the mother invested to produce a better outcome (Tt nM e.g. time used to boil water), the goods purchased to produce a better outcome (Vt n e.g. vitamins), fetal characteristics such as gender (Xt c ), parental characteristics (Xt F and Xt M ) such as mother's height, community characteristics (Xt A ) including access to health and sanitary facilities and unobserved attributes related to both the mother and the fetus (µt). These include maternal health endowment, initiative and preferences for child health as well as fetal congenital anomalies.
The decision maker maximizes household welfare, subject to a financial constraint, and the parents' time-constraints. Assuming negligible savings we have:
This financial constraint shows that the parental expenditure on consumption goods, health inputs and prenatal care services depends on their prices (pt, pt n , pt p , respectively) as well as on the household earnings. These earnings are determined by the amount of parental time spent working in the labor market (Tt LF and Tt LM ), the wage paid to the parents (wt F and wt M ) and the amount of unearned income hold by the household. As well, the parent's are constrained by the amount of time available to them.
Maximizing household welfare subject to these constraints implies that the child's birth outcome depends on the price for the consumption good, health inputs and prenatal care services, as well as on wage rates for parents, unearned income, fetal characteristics, parentsspecific characteristics, community-specific characteristics, and a vector summarizing all unobservable characteristics.
Similarly, the decision to seek prenatal care will depend on all these variables.
This model takes account of the fact that prenatal care utilization will fall as its price rises. Large distances to providers, waiting times, transportation problems and so on, can all be interpreted as things that raise the "price" of prenatal care utilization.
The observed relationship between the birth outcome B t c and the choice of prenatal care choice Pt in a heterogeneous (in µt) population is: That is, what is observed in the population is not the real technical relationship between prenatal care and birth outcome. There is an additional component (F µ * dµt/dPt) which will differ from zero if prenatal care is correlated in any way with the unobserved maternal or fetal characteristics. Because many different selection processes that could be biasing this relation, the sign of this bias is not known a priori to the researcher.
Empirical approach
The goal of this paper is to obtain unbiased estimates of the effect of prenatal care adequacy on the child's birth outcome. I therefore use an instrumental variables strategy where my instrument is the accumulated abnormal levels of rainfall during the mother's pregnancy until the point of the interview. The timing of the pregnancy generates the instrument's variability. Women who were pregnant at different points in time will have different levels of accumulated rainfall shocks. Because of poor road conditions in Cebu, rainfall affects the mother's time availability to seek prenatal care by raising her commuting time. However, this variable arguably does not directly affect birth outcomes.
In order to avoid conditional endogeneity issues in the estimation of the impact of prenatal care on the child's birth outcome it is necessary to include a set covariates that are likely to be correlated with both prenatal care and child's birth outcome. This set of covariates include: mother's height and childbearing history 12 as well as child's gender. Similarly, factors shaping maternal behaviors such as age and education are included. Finally, maternal health and nutritional status, as well as time constraints, represented by having a job or an unemployed husband, are taken into account. In addition, there are controls for community of residence and elevation levels (See Appendix 1 for further detail). It must be noted that there are other endogenous variables in the birth outcome equation. These include gestation period, negative health behaviors such as smoking and number of live births. Nevertheless, in this study we will only instrumentalize for prenatal care adequacy. In this sense, all the other variables will be treated as exogenous.
Specification
For my analysis I estimate a Two-Stage Least Squares model in which the endogenous variable is first regressed on the instrument (and all the other exogenous variables in the model). In the "second stage", the model of interest is estimated including the predicted value of the endogenous variable derived from the first stage and adjusting the standard errors appropriately. Given that the instrument is uncorrelated with the omitted variable (e.g. mother's health endowment) the predicted value of the endogenous variable will also be uncorrelated with them so that the estimation is purged of the bias that results from these omitted variables. Specifically I estimate the following model:
where Zt is the accumulated rainfall shocks, which represent the increase in the time and difficulty to access prenatal care services.
Second Stage
(1)
In this model, the dependent variable is birth outcome. The set of covariates used to estimate the child's nutritional level consist of subsets of variables: those that are child-specific; those that are parent-specific, those that are community specific. The independent variable of interest is prenatal care utilization choice. The error term captures the influence of all unobserved variables on birth outcome. Finally, it should be stated that I will be unable to separate maternal or household preferences from maternal technology since I am using a household production function to calculate these conditional demand functions.
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IV. Data
The Design of the Cebu Study
The Cebu Longitudinal Health and Nutrition Survey (CLHNS) is part of an ongoing study of a cohort of Filipino women who gave birth between May 1, 1983 and April 30, 1984 . A single stage cluster sampling procedure was used to randomly select 33 communities or Barangays (17 urban, 16 rural) from the Metropolitan Cebu area. In this study the analysis is divided between urban and rural Barangays due to the differences in prenatal care and birth outcomes between these two areas 13 .
A baseline interview was conducted among 2,555 urban and 772 rural women during the 6th to 7th month of pregnancy so that all births could be identified. A subsequent survey took place immediately after birth. From the total sample 135 women were lost due to migration 14 , 17 withdraw form the study, 16 were dropped due to erroneous information, 26 women had twin births and 53 suffered miscarriages 15 or had a stillbirth 16 . Where necessary, the questionnaires were supplemented by observations (e.g. of sanitary conditions). In addition community data were collected during the baseline survey. Data on birth weight, gestational age and the adequacy of prenatal care was available for around 2,300 babies in urban areas and 707 in rural ones. This is the number of observations used in the regressions. This sample size is further reduced to 1749 and 541 babies, respectively, if we only analyze full term pregnancies.
The birth outcome measure
Biologically speaking, birth weight is a function of both fetal growth rate and gestational age. This means that if we compare birth weights for babies with different amounts of time spent in the uterus we will be confounding fetal growth rate with gestation. A solution to this problem is to only analyze the birth weight of full term babies 17 . This is the first type of analysis performed. This is a valid comparison since during the last few weeks of gestation the fetus does not grow anymore. This time is used for the organs to mature.
In order to be able to compare fetal growth rates for babies with different gestation periods, gestational age has to be controlled for. This cannot simply be done by including gestational age as an additional explanatory variable in a linear regression of birth weight. Such linear specification will fail to correct for the non linear biological-technical relationship between birth weight and gestation. The two additional methodologies employed in this paper to remove the systematic effect of gestation are the ones provided by Rosenzweig and Schultz (1982) and Warner (1998) . Both methods entail estimating birth weight as a cubic function of gestation. However, Rosenzweig and Schultz standardize it by dividing observed birth weight by predicted birth weight. In contrast, Warner adds to the observed birth weight the difference between the predicted birth weight at 40 weeks and the predicted birth weight at the observed gestation 18 .
The prenatal care services measure
Measuring the adequacy of prenatal care has been a challenge for researchers since the variables usually employed (e.g. number of visits, time of care initiation, provider type) are unable to simultaneously control for when the care begun, when it ended and exactly at what point of the pregnancy it took place. In order to address these issues I use the recommendations developed by the World Health Organization Technical Working Group on Antenatal Care as the standard for adequate prenatal care in a developing country. This measure is implicitly adjusted for the gestational age at initiation of care and at delivery. Given the characteristics of the data this measurement will be adjusted not for gestational age at delivery but for gestational age at interview. This means that the measurement used describes the adequacy of prenatal care services received during the time period after prenatal care started and until the interview took place. 58% of the sample women where interviewed between the beginning of their 6 th and the end of their 7 th month of pregnancy. Thus this dummy will be measuring the impact of the adequacy of prenatal care visits completed until the beginning of the 3 rd trimester.
The instrument chosen: accumulated rainfall shocks
This variable was constructed using information from the Mactan-Cebu International Airport Weather Station, located in the heart of Metro Cebu. This is a highly relevant location since the sample used in this study comes from communities located at the Metropolitan Cebu area. Rainfall shocks, defined as the monthly level of rainfall level minus a ten year rainfall average for that month reflect the unexpected increase in rainfall levels. These shocks increase commuting times and so affect the mother's time availability to seek prenatal care 19 . Even to this day roads are made impassable by floodwaters during the peak of the monsoon season (see Appendix 2). Heavy rains in addition, generate landslides and car accidents which further complicate access. Rain is a particularly pertinent phenomenon in Cebu due to the quality of the roads and the types of transportation means available at the time.
Road conditions in Cebu were poor in both rural and urban areas. In rural areas, only 2% of Barangays had concrete roads, almost 20% had asphalt roads, 18% had gravel roads and a predominant 75% had dirt roads. Furthermore, less than 1% of the total extent of roads was made of concrete, less than 9% were asphalted, 6% were gravel roads and almost 85% were dirt roads. On top of this, over 91% of the span of roads was in fair to poor condition. Even in urban areas a considerable percentage of total road surfaces were made of gravel or dirt. Eight percent of total road spans were made of concrete, over 56% were asphalted, 25% were gravel roads and 10% where dirt roads. Yet with the exception of concrete roads, all other surfaces were not maintained properly.
Sixty percent of urban and 52% or rural women walked the whole distance to the health facility where they received prenatal care, while 77% and 80%, respectively, walked at least a portion of this distance. Only 23% of urban households and 16% of rural homes owned some means of transportation. The type of transportation most of these households owned was either a bicycle (74% in urban areas and 47% in rural ones) or a boat (11% in urban areas and 31% in rural ones) 20 . Finally, tricycles were the predominant type of public transportation available in both areas. For all these transportation means rain will be most burdensome.
V. Results
Differences in quality of care between urban and rural areas
The sample is separated into urban and rural households due to practical differences in the nature of prenatal care as well as in behavior and outcomes between these areas. Table 1 illustrates these differences and shows how outcomes are modified when I only consider the sample of women that received adequate prenatal care. If we restrict the sample to the women that received adequate prenatal care birth, outcomes improve in urban areas and worsen in rural ones. This could be an indication of a strong adverse selection effect in rural areas. In addition, when adequate levels of prenatal care were sought in rural areas the variance in birth weight declines. The normal distribution of birth weight is much more compact and no outliers are found. When this is not the case this distribution expands and outliers appear at both extremes of the distribution. It appears that in rural areas the contribution of an adequate level of prenatal care will not be necessarily a higher birth weight, but may be just a reduction in its variability. The inexistent positive effect of prenatal care in rural areas could be due to a lack of quality in this service.
The quality of care provided by health professionals 21 differs drastically between urban and rural regions. In their 1989 paper about prenatal care in Cebu Guilkey et. al. state the following: "There may be important differences in the availability of supplies and midwives, for example, in urban and rural BHS's (Barangay Health Stations), which our data are not detailed enough to allow us to control. In theory, all BHS's are staffed by a full-time midwife, supervised and supplied by the Ministry of Health's rural health units or city health offices. From observation and discussion we know that urban BHS's often have better supplies and more equipment (e.g., they are more likely to have weighing scales) and are more likely to have their midwives available."
The percentage of births attended by skilled health personnel is another proxy for the quality of services provided. In 2003, 79% of births in urban areas where attended by skilled health personnel, in contrast to 40.8% in rural areas (World Health Statistics 2008) . It is reasonable to presume that at that time the differences were even more dramatic.
In rural areas women seek exclusively prenatal care from traditional care providers much more frequently (31% compared to 16% in urban areas). Moreover, of women seeking traditional care none exclusively, only 45% complement it with professional care in rural areas in contrast to 64% in urban ones. This may reflect a greater preference for traditional norms regarding prenatal care practices, or the lesser availability of professional health providers. The traditional "doctors" are the Mananambals and Mananabangs. The former is considered the local healer and the latter is the traditional birth attendant. Both use primarily herbs and incantations in their practice (Lieban 1995) . Consequently, it is arguable that additional visits to these prenatal care providers would improve birth outcomes. Furthermore, when comparing the content of prenatal care visits between professional health providers and traditional healers the differences are striking. Of the women that sought professional prenatal care 25% received antitetanus injections in rural areas in contrast to 29% in urban ones, while over 89% were told that they should take vitamins and minerals in rural areas compared to 94% in urban communities. None of the women that exclusively visit a Mananambal or Mananabang received antitetanus injections.
According to the "National Demographic and Health Survey 1998" 22 , women are receiving at least iron, iodine and tetanus immunizations during prenatal care visits. In this sample women that received adequate prenatal care as described by Berg (1995) have a higher probability of taking these vitamins during their pregnancy and of getting immunized. This is true for both urban and rural areas. Similarly, they have a higher probability of going to a hospital if they had complications during the delivery as it can see in Table 2 . It could be possible that adequate prenatal care is impacting birth outcomes by improving the chances of a woman of receiving vitamins or of being immunized. Note: These results where obtained by running simple probit regressions that showed the increase in the probability of these events happening for women that seek adequate levels of prenatal care. They are all marginal effects and are significant at a 1% level with exception of the impact in rural areas of receiving adequate prenatal care on the probability of going to a hospital if there is a complication.
The First Stage regressions
The estimates obtained in the first stage regression for each set of birth outcomes chosen are presented in Table 3 . The results obtained for both methods of adjusting birth weight (Rosenzweig and Schultz's and Warner's) are identical. Hence they are condensed in one single column (column 2 for urban areas and column 5 for rural areas). Similarly, the first stage regression for both the probability of having a low birth weight or of having a small for gestational age baby are practically identical and so only one set of results is presented (column 3 for urban areas and column 6 for rural one.)
The instrument seems to perform more than adequately in urban areas. In all cases, it is significant at a 1% level and it displays a negative effect on the adequacy of received prenatal care visits. An increase of one standard deviation in the level of accumulated rainfall shocks (10.7 mm) will decrease the probability of having an adequate level of prenatal care by 3.4% on average. This is consistent with the line of reasoning presented in the Modeling and Estimation section of this paper. In rural areas, the instrument also displays a negative sign and has a similar impact but it is not significant for full term births. This is probably due to the reduction in the sample size. For the other regressions increasing the level of accumulated rainfall shocks by one standard deviation (10.8 mm) reduces the probability of having adequate care by 3.2% on average. The coefficients are significant at least at a 10% level.
Conditional Demand Estimates
The estimates for conditional demand functions for birth weight can be found in Tables 4 and  5 . I performed three types of estimations, one for each definition of birth weight: (i) birth weight of full term babies, (ii) Warner (1998) standardized measure of birth weight and (iii) Rosenzweig and Schultz (1982) standardized measure of birth weight. All three estimations are performed using the instrument (accumulated rain shocks) for one endogenous regressor (adequacy of prenatal care services). Controls for mothers with previous miscarriages, working mothers, unemployed fathers, maternal educational level, Barangay's elevation above sea level and community fixed effects were included.
The odd columns in Table 4 present the OLS estimates for urban areas, while the even columns show the IV results. According to the OLS regressions, for all definitions of birth weight, the adequacy of prenatal care services received during visits appears to have a positive effect on the outcome. In the case of full term babies going from not having the adequate level of prenatal care for a developing country to doing so will increase the baby's birth weight by 23 grams. Yet this coefficient is not significant. This result could indicate that the mechanism of confidence selection could be present in the case of full term babies biasing the results downwards. According to Warner's measure, changing the actual number of prenatal care visits to the required number of visits will increase birth weight by 36 grams. This result is significant at a 10% level. When Rosenzweig and Schultz's measure is used, increasing the number of actual visits to the expected amount leads to an increase in the ratio of observed birth weight to predicted birth weight of 0.012 points. This is the strongest result with a 5% level of significance. Standard errors in parentheses * Significant at 10%; ** Significant at 5%; *** Significant at 1% 1 IV: accumulated abnormal levels of rainfall from conception to interview date. 2 Previous miscarriage, education level, employed mother, jobless father and average elevation above sea level 3 Stata's ivreg command suppresses the printing of an R2 on 2SLS/IV if the R2 is negative, which is to say, if the model sum of squares is negative. 4 The critical value is a function of the number of instrumental variables and the desired maximal percentage we allow the actual size of the nominal 5% TSLS t test to exceed. Standard errors in parentheses * Significant at 10%; ** Significant at 5%; *** Significant at 1% 1 IV: accumulated abnormal levels of rainfall from conception to interview date. 2 Previous miscarriage, education level, employed mother, jobless father and average elevation above sea level 3 Stata's ivreg command suppresses the printing of an R2 on 2SLS/IV if the R2 is negative, which is to say, if the model sum of squares is negative. 4 The critical value is a function of the number of instrumental variables and the desired maximal percentage we allow the actual size of the nominal 5% TSLS t test to exceed.
For all definitions of birth weight, receiving an adequate level of prenatal care in a rural area appears to have no statistically significant effect on this outcome. As it can be seen in Table 5 , all the OLS coefficients appear to be much smaller in dimension, though they still display a positive sign. As OLS estimates are probably misleading due to the endogeneity of prenatal care practices two-stage least squares (2SLS) regressions are presented.
In urban areas the IV regressions show that an adequate level of prenatal care has a positive and statistically significant effect on all birth weight outcomes. This effect is much larger and much more significant than before. For full term babies, going from not having the adequate number of prenatal care visits to doing so increases the baby's birth weight by 1,019 grams. This represents one third of the average birth weight of these babies. Using Warner's measure the effect is very similar (1,011 grams). When employing Schultz's technique increasing the actual visits to the expected level leads to a raise in the ratio of observed birth weight to predicted birth weight of 0.334 points. In rural areas prenatal care appears not to matter at all. IV regressions show that having an adequate level of prenatal care has a positive effect. Coefficients are larger than OLS ones, but none of them are statistically significant. As previously pointed out these results could be related to the quality level of this service in rural areas.
A very important step in assessing the reliability of an instrumental variable is to test for its strength. Estimators can perform poorly when instruments are weak resulting in non-normal sampling distributions of IV statistics and unreliable standard IV point estimates, hypothesis tests, and confidence intervals 23 . . In Tables 4 through 7 statistical tests were performed using the first-stage F statistic. The null hypothesis is that the instruments are weak. For the estimations using adjusted birth weight as the dependent variable the F statistic ensures that a 5% hypothesis test rejects no more than 15% of the time in urban areas (Table 4) . This fits the definition of a strong instrument according to Stock, Wright and Yogo (2002) . For the model using birth weight for full term births a 5% hypothesis test rejects no more than 20% of the time. In rural areas, none of the specifications is able to ensure that a 5% hypothesis test rejects no more than even 25% of the time (Table 5 ).
Probit models for deficient Birth outcomes
Tables 6 and 7 contain Probit models for deficient birth outcomes: (i) being small for gestational age (SGA) or (ii) having a low birth weight. These regressions provide an appropriate robustness check for the previous results. All estimations are performed using accumulated rainfall shocks as an instrument and all the controls mentioned before. Odd columns show Probit estimates, while the even ones contain marginal effects for IVPROBIT estimations. Actual size of 5% test > 20% 6.66 6.66
Standard errors in parentheses * Significant at 10%; ** Significant at 5%; *** Significant at 1% SGA: Small for Gestational Age, LBW: Low Birth Weight 1 IV: accumulated abnormal levels of rainfall from conception to interview date. 2 Previous miscarriage, education level, employed mother, jobless father and average elevation above sea level 3 The critical value is a function of the number of instrumental variables and the desired maximal percentage we allow the actual size of the nominal 5% TSLS t test to exceed. Actual size of 5% test > 20% 6.66 6.66
Standard errors in parentheses * Significant at 10%; ** Significant at 5%; *** Significant at 1% SGA: Small for Gestational Age, LBW: Low Birth Weight 1 IV: accumulated abnormal levels of rainfall from conception to interview date. 2 Previous miscarriage, education level, employed mother, jobless father and average elevation above sea level 3 The critical value is a function of the number of instrumental variables and the desired maximal percentage we allow the actual size of the nominal 5% TSLS t test to exceed.
When running a Probit regression, in both urban and rural areas, an adequate level of prenatal care services appears to have a negative but not statistically significant effect on both deficient birth outcomes. Seeking an adequate number of prenatal care visits decreases the probability of these outcomes between 1.2 and 1.7 percentage points.
After controlling for endogeneity, receiving an adequate number of prenatal care visits has a negative and highly statistically significant effect on the probability of both outcomes in urban areas. The probability of being SGA is reduced by 49% while the probability of being born weighing less than 2,500 grams goes down by 34%. These results do not hold for rural areas. There again prenatal care displays no statistically significant impact. As before, the instrument appears to be strong in urban areas and not in rural ones. In rural areas (Table 7) neither of the specifications is able to ensure that a 5% hypothesis test rejects no more than even 25% of the time.
Controlling for quality of prenatal care
The results obtained could be indicating a lack of impact on rural areas due to the inferior quality of the prenatal care services received there. Providing pregnant women with antitetanus injections could be considered as an indication of a higher level of quality of care. Immunization itself has absolutely no biological effect on birth weight. Tetanus toxoid injections are given during pregnancy only to prevent neonatal tetanus. Nevertheless, it could be conjectured that the prenatal care providers that make sure women get vaccinated are the ones that have a higher quality of service in general terms.
In order to test this hypothesis I ran two new sets of regressions, each with a new definition of the prenatal care variable. In the first case, this variable becomes a dummy equal to one for women who simultaneously had adequate prenatal care and received an antitetanus injection. This results in larger and more significant coefficients for all birth weight specifications, but smaller coefficients in absolute levels for deficient birth outcomes. In the second case the prenatal care variable is a dummy equal to one for women which had adequate prenatal care but did not receive an antitetanus injection. For all the estimations related to birth weight prenatal care appeared to have no effect. For the models measuring the probability of having a SGA or LBW baby the coefficients were bigger and stronger. This could indicate that having the adequate number of prenatal care visits even though you did not receive an antitetanus injection decreases the probability of deficient birth outcomes but will not boost birth weight. In this sense, quality of service as defined here could be a more important determinant of cumulative measures as increasing birth weight, but not of more drastic categories such as being SGA or having a LBW 24 . The estimations shown are only for urban areas, since prenatal care still has no effect in rural areas, regardless of the specification. The summarized results are presented in Table 8 . Accumulated rainfall shock could not only affect the mothers commuting costs but also other variables such as the price of basic food staples (e.g. rice 25 ), the prevalence of pathogens in the area and maternal stress levels. These variables could affect birth weight through the nutritional level of the mother as well as her physical and mental health status. If this is the case the instrument will be correlated with the error term and will not be valid.
The impact of unexpected rainfall on rice prices depends on the timing and the direction of the rainfall shock. If there is a positive shock during harvesting this could delay the harvest and increase prices. Similarly, a negative rainfall shock during flowering might hurt production and raise prices. Yet, a positive shock during flowering will not affect production since rice is cultivated by flooding the fields. If the unexpected rainfall comes about between these two stages the effect is negligible. To test this correlation I collected rainfall shocks data for 22 years 26 and ran regressions using rice price as the dependent variable. If rainfall shocks are the only covariate used, the coefficient obtained (18) is less than half the standard error (37), showing no significant impact. If rainfall levels, consumption levels and a time trend are added, rainfall shocks continue to have no significant impact on rice prices 27 .
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I tested the effect of accumulated rainfall shocks on maternal health running two models. The first measures the impact of accumulated unexpected rainfall levels on the probability of being sick one week prior to the interview 28 . An increase of 1 standard deviation in the level of accumulated unexpected rainfall will increase the probability of being sick only by 4.5%. The second model computes the effect of accumulated rainfall shocks on arm circumference 29 , a proxy for the nutritional level of the mother 30 . An increase of 1 standard deviation in the level of rainfall shocks will decrease the average woman's arm circumference by a meager 0.9%. Both coefficients are significant at a 1% level, yet there are small. By controlling directly for these health outcomes as well as by long term health status (using maternal height) I attempt to fulfill the exogeneity assumption.
Maternal stress has been argued to impact birth outcomes negatively and thus could affect prenatal care estimates. In birth outcome studies it has been classified as being a measure of life events, state anxiety or trait anxiety. According to Lobel (1994) , life events are episodes that entail foremost adjustments in a person's life. These events can be positive, like getting a job promotion or negative like losing a loved one. In this sense, life events face a person with a potentially stressful situation or environmental condition. On the other hand, state anxiety is a response to a stimuli such as a situation considered perilous, hostile or plain stressful. Following Lobel (1994) "state anxiety is the emotional state characterized by feeling tension, apprehension, nervousness, and worry." Finally, train anxiety can be described as an individual's predisposition to perceive certain stimuli as perilous or hostile.
Rainfall shocks could be characterized as a daily hassle. They can at most generate state anxiety in the expecting mother, but they are definitely not life events. Birth weight can be negatively affected by life events, but there is no conclusive evidence of prenatal state anxiety on poor birth outcomes (Lobel 1994) . Furthermore, when optimism is accounted for, prenatal maternal stress does not affect birth outcomes at all (Lobel et. al. 2000) .
Selection due to termination of pregnancy
An additional concern in terms of the validity of this study is the effect of selection due to fetal loss. It is reasonable to assume that the initial sample of fetuses will be very heterogenous in its health characteristics. This heterogeneity is echoed in the child's probability of survival in utero. Women who give birth to alive children are those who face the lowest risk of termination of pregnancy and in this sense belong to a selected sample (Harris 1982) . Hence it is not certain that the birth weight conditional demand function estimated using this selected sample would be an unbiased representative of the total population (Liu 1998) . This is not an important concern in this study since miscarriages 28 Controls include: mother's age, height and arm circumference, previous miscarriage, first time mother, parity, mother smoked while pregnant, education level, employed mother and community fixed effects. 29 Glewwe et. al. argued in their 2001 paper that: "A good indicator of maternal health is middle upper arm circumference, which indicates both energy (fat) and protein (muscle) reserves". 30 Controls include: mother's age and height, previous miscarriage, parity, mother smoked while pregnant, education level and community fixed effects.
represent less than 0.4% of the sample, while still births amount to 1.2%. In addition, no abortions where recorded in the sample, which means no bias due to self-selection.
Sensitivity to interview date
The results obtained in this study could be sensitive to the point in the pregnancy when the woman was interviewed. However, this is not the case. When the sample is restricted to women interviewed 6 months or later into their pregnancy the coefficients increase by very little and are still significant at a 1% level. For women interviewed at least at 28 weeks of gestation the results are very similar.
Sensitivity to the quality of care
It is difficult to measure all the inputs that enter human health production functions or their quality. Prenatal care is a very complex intervention. Its effect might depend on a very wide range of factors. The timing of initiation of care, the specific type of provider, the facility where the service is provided and the specific tests offered just to mention a few. Certainly, the inability of this study to fully control for the content, quality, continuity and comprehensiveness of the service provided is a shortcoming. Thus this study does not allow the reader to distinguish the mechanisms through which the "adequate" prenatal care can positively impact birth outcomes (Frick et. al. 1996 ). Yet, by lacking controls for quality it provides conservative estimates of the impact of this type of care. If mothers are aware of the quality of the services provided, they might choose to go less times to the doctor if they believe that they can achieve the same result with a smaller number of visits. Hence the estimates of prenatal care practices could be biased downwards. The estimates obtained when using immunization as a control for quality support this conclusion. In this sense this paper could be providing lower bounds of the impact of an adequate level of prenatal care.
VII. Discussion
This paper approximates the impact of an adequate level of prenatal care on birth outcomes in a developing country context. It constitutes a significant improvement on previous studies for several reasons. First, the results are highly robust to changes in measures of birth outcome. In contrast with Deb and Sosa-Rubi (2005) and Guilkey's et. al. (1989) papers, the measure of prenatal care chosen in this study involves both timing and number of visits and shows positive impacts for the combination of both. Furthermore, the results presented are relevant for policy decision making since the prenatal care measure used is the one recommend by the World Health Organization (WHO) for developing countries.
The data collected for this study comes for a large survey specifically designed to capture maternal behaviors and child outcomes. In comparison, the majority of previous studies carried out for the US have been performed using birth certificate data. These studies like the ones performed in developing countries have conflicting results for the impact of the intensity of care. Warner (1995) showed that the number of prenatal care visits appeared to have no statistically significant effect on birth weight. In contrast, Jeffrey Rous et. al. (2003) and Lin (2004) predicted a positive effect of additional visits on birth weight. More consensuses have been attained on the effect of the onset of prenatal care. Warner (1995) , Liu (1998) and Smith Conway et. al. (2004) showed that early prenatal care initiation has a positive impact on birth weight. Although the latter stated that this result did not hold for high risk pregnancies. Finally, Krueger and Scholl (2000) used indexes of adequacy of prenatal care to show that the combination of both an inadequate number of visits and a later initiation date increased the risk of preterm delivery but had no impact on the occurrence of small-for-gestational-age babies. The inconsistent results found in prior research could be due to the use of instrumental variables related to the availability of medical services in the areas where the mothers reside. These variables are possibly correlated with preferences and therefore with birth outcomes.
This paper has tried to overcome this shortcoming by choosing an instrument not related to the availability of health services but to the opportunity cost and feasibility of accessing those services. By using accumulated unexpected rainfall as a source of exogenous variation this study has attempted to obtain estimates which are independently distributed with regard to heterogeneous maternal characteristics. When the instrumental variable is used to control for endogeneity, the positive impact of adequate prenatal care appears to be much larger than in the OLS estimations. Yet this effect is only statistically significant in urban areas. There, regardless of the measure of birth weight chosen, receiving an adequate number of prenatal care visits increases a baby's birth weight by about one third of the average birth weight. The results show that having the desirable number of visits is also an important determinant of poor birth outcomes such as being small for gestational age or having a low birth weight.
An unexpected finding from this paper is that prenatal care appears to have no statistically significant impact in rural areas. This could be an indication of the importance of quality in service when providing prenatal care. Descriptive evidence was provided to indicate the existence of a quality gap between the services provided in urban areas and rural ones. This difference could be what determines if prenatal care, even when sought at an adequate level, can have a positive effect on the child's birth outcome.
This theory is corroborated when controlling for the quality of care using tetanus vaccination. When assuming that having an adequate level of prenatal care involves in addition receiving an antitetanus injection larger and more significant coefficient are obtained for all specifications related to birth weight. When the definition of adequate care is restricted to women who did not get vaccinated, prenatal care appeared to have no effect for all these estimations. This indicates that future research efforts should be focused on the quality of prenatal care interventions.
Another factor shaping maternal behaviors and subsequent child outcomes is education. Formal education greatly increases receptivity to health and nutritional information. Women that go to school may learn about the biological processes that determine a positive birth outcome and so deliberately practice habits that diminish exposure to pathogens and susceptibility to disease (Frankenberg et. al. 1995) . Similarly, the mother's education, formal and child care specific, as well as her exposure to modernization influence her ability and her motivation 31 . Likewise, a mother's age and childbearing history could affect her knowledge, attitudes, and behavior toward seeking prenatal care. An older mother might take better care of herself because of her experience (Zeitlin et. al. 1990 ). Similarly, we should consider a mother's health and nutritional status. This will for sure determine the child's weight at birth.
On the other hand, the urgency of other agendas that compete with child care influences a mother's everyday motivation to seek for prenatal care. In this sense, a woman that faces many different kinds of time constraints could be prevented from seeking adequate care. Clear examples are if the mother has a job and the number of young children living in the household. In addition, an unemployed husband also imposes restrictions on the woman's time availability.
